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O (57) Abstract: The invention relates to a substrate coated with an oriented multilayer polymeric film comprising at least two layers 
of polymer particles oriented along two different directions with respect to one another. Such an oriented multilayer polymeric film 
has improved flexibility as well as improved gas banier propeities. A method of fomiing the film on a substrate is also disclosed. 
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FORMATION OF ORIENTED MULTILAYER 
POLYMERIC FEMS 

TECHNICAL FIELD . ; 

5 The present invention pertains to improvements in the field of 

oriented multilayer polymeric fihns. More particularly, the invention relates to 
a substrate coated with an oriented multUayer polymeric fihn having inoqproved 
flexibility and improved gas barrier pr<q>erties, as well as to a method of 
forrning such a film on a substrate. 

10 [\"[ 
BACKGROUND ART 

When considering gas barrier properties of an extruded 
polymeric film coated on a substrate, it is already Jmown in the art,ihat ^the 
diffusion coefficient of any penetratmg gas such as oxygen, ca^on dioride or^^^ 

15 water vapor iflirbugh the polymer film decreases by increasing jbie c^ysj^mt]^^^ 
of the film. This can be achieved by a chemical approach (molecular design)^ 
and appropriate cooling rate (chilling in the coatmg process). " ^ 

In ttie case of a substrate coated with an oriented inultilaya: 
20 polymeric film formed from a water-based polymer dispersion and wherein the 
polymer particles of each layer are oriented in the same direction, it is also 
Vnown that a three-layer fihn provides a stronger barrier to gas than a two-layer. . ; 
film having the same wei^t, which in turn is much more efficient than a orie^^^ 
layer film also having the same weigjit Water-based polymer dispersions 
25 comprise very small polymer particles having an average size rangmg frona 
150 to 200 mm and containing macro-molecules. When coated on a substrate 
and properly dried to remove the water, a continuous film is formed. 

Whereas scientists are still studying and modeling oriented 
30 multilayer polymeric films formed from water-based polymer dispersions, they 



wo 01/96661 



-2- 



PCT/CAOl/00815 



all agree that these films have a weak flexibility compared to that of extruded 
. polymeric films. This weak flexibility renders waterbome barrier coatings in. 
the packaging industry less attractive. The film flexibility is weak mainly when . 
the film is folded about a fold line parallel to the direction of orientation of the 
5 polymer particles in each layer of the multilayer film, causing the film to break 
at the fold line. This of course impairs the gas barrier properties of the film. . 

discix)sureofthe;inv^^ , ^ . , 

It is therefore an object of the present invention to overcome llie 
10 above drawbacks and to provide a substrate coated with an oriented multilayer 
polymeric film which is formed fix>m a polymer dispersion and which has 
unproved flexibility as well as improved gas barrier properties. 

It is another object of tiie invention to provide a inetiiod of . 
15 forming the above film on a substrate. 

According to one aspect of the p^resent j^^ is thus 

provided a sfubstrate coated, with an oriented^ inultilayer polymeric film, 
wherdn the film comprises at least two lay^ of polym particle»s oriented 
20 along two different directions witii respect to one another. 

AppUcant has found quite une:?q)ectedly that the presence of at 
least two layers of polymer particles oriented along two different directions 
with respect to one another in a multilayer polymeric film improves the 
25 flexibility ofsxich a film as weU as the gas barrier properties thereof. 

The present invention also provides, m another aspect thereoJ^ a 
method of forming the aboye oriented multilayer polymeric film on a substrate. 
The method according to the invention comprises the steps of: 
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a) conveying a substrate along a predetennined path at a 
predetennined traveDmg speed and in a predetermined 

b) coating the substrate with a polymer dispersion containing 
polymer particles and a liquid dispersing medium to form on the substrate a 

5 first coating of the dispersion; 

c) contacting the first coating with a first particle orienting roller 
driven for rotation about a first longitudinal axis thereof independently of the 
substrate so as to have a first tangential speed at a sur&ce of the coajted. , 
substrate, the first particle orienting roller bavinig a first particle orienting 

10 pattern arranged at a first angle relative to the MveDing directioh of ihe 
substrate to cause orientation of the polymer particles of the first coating along 
a first predetennined direction; 

d) drying the first coattag to cause evaporation of the liquid- 
dispersiug medium and formation -of a first layer of oriented polymer particles 

15 on the substrate; and 

e) successively fomiing on the first layer at least one fiuiiher layer of 
oriented polymer particles, each fiirliher layer being formed by: , 

i) coating; a previously formed underlying lay^ of ^oriented 
polymer particles with the polymer dispersion to form on the underlying layer a 

20 fiuiher coating of fee dispersion; ^^-^^ ; 

ii) contacting the further coating with a fiirther particle orienting ; 
roller driven for rotation about a further longitudinal axis thereof independently 
of the= substrate so as to have a further tangential speed at the surface of the 
coated substrate, the finlher particle orienting roller haviug^ia furiher particle 

25 orientmg pattern arranged at ia further angle-relative to the travelling direction 
of the substrate to cause orientation of the polymer particles of the further 
coating dong a fiirfher predetennined direction; and: . ^ 



. ) 
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iii) drying fhe further coating to cause evaporation of the liquid 
dispersing medium and formation of the furliher layer of oriented polymer 
particles on the underlying layer; 

wherein at least one further angle is different from the first angle or at least one 
5 fittther tangential speed is different from the iSrst tangential speed, thereby 
forming on the substrate an oriented multilayer polymeric film haymg at least 
two layers of polymer particles oriented along two different directions with 
respect to one another. 

10 The polymer particles are preferably partioles of a waterbome 

polymer- Examples of suitable waterbome polymers which may be used 

include polyvinylidene cUoride, polyvinyl acetate j :polyvinyI^^^^^^^^ and 

styrene-butadiene copolymers. The liquid dispersing medium can comprise, for 

example, water, an alcohol or a mixture thereof > 

t 

According to a prefiarred embodiment of the invention, the first 
particle orienting roller comprises, a first cylmdricaLmemberjx) about the 
aforesaid first longitudinal axis and a firs^ continuous helical land on fhe first 
cylindrical member over at least a portion of llieilength thereof, the first helical 
20 land forming a first continuous helical .particle orienting groove along the first 
cylindrical member. The first land and the first groove define the aforesaid first 
particle orienting pattem. The first helical Jand may be defined by a sin^e wire 
helically and tightiy wound about a major portion of the length of the first 
cylinihical member, 

According to another preferred embodment of the 
further layers of oriented polymer particles are formed in step (e) by: 

i) coating the first layer of oriented polymer particles with fhe polymer 
dispersion to form on the first layer a second coating of the dispersion; 
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ii) contacting the second coating with a second particle orienting roller 
driv^ for rotation about a second longitudinal axis thereof independently of 
the substrate so as to have a second tangential speed at the surface of the coated 
substrate, the second particle orientmg roller having a second particle orienting 

5 pattern arranged at a second angle relative to the travelling direction of the 
substrate to cause orientation of the polymer particles of the second coating 
along a second predetenriined directioii; 

iii) diying the second coating to cause evaporation of the liquid 
dispersing medium and formation of a second layer of oriented polymer 

10 particles on tibe first layer, ^ 

iv) coating the second layer of oriented polymer 'parificles with the 
polymer dispersion to form on the isecond layer a third coating of the 
dispersion; 

v) contacting the third coating with a third particle^ bneating "roller 
15 driven for rotation about a third lon^tudinal axis thereof independenfly blFthe 

coat^ substrate s6 as to have a ^utd tangential speed at tiie sur&ce of the 
siibstrate, the third particle orieiiting roller having a third particle orienting 
pattern arranged at a third ahjB^e relative to the travelling direction of the 
substrate to cause orientation of the polymer particles of the thkd coating along 
20 athirdpredeterrnmedd^ 

vi) drying the third coating to cause evaporation of the liquid dispersing 
medium and formation of a third layer of oriented polymer particles on the 
secondlayer. 

25 ' Ilie second fibigle is different #om^&^ 

or thfe second tangential speed is different from the aforementioned first 
taiigential speed, whereby the seccmd predetermined direction is different firom 
the aforementioned first predet^nnined direction. The third angle is different 
from the second angle or the thkd tangential speed is different firom the second 
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tangential speed, whereby the third predetermined direction is different from 
the seccmd predetermined directioiL 

Preferably, the second particle orienting poller comprises a 
5 second cylindrical member rotatable about the aforesaid second longitudinal 
axis and a fixst plurality of juxt^osed continuous helical lands on the second 
cylindrical member over at least a portion of the lengtti thereof, the helical 
lands of the first pluraKty having a similar pitch and forming a first series of 
^ helical particle orienting grooves along the second cylindrical member, the 
10 lands of the first plurality and tiie grooves of the fir^ series defining the seppnd 
. particle orienting pattem. TTie third particle orienting roller, on the other hand, 
comprises a tiiird cylindrical member rotatable absoiit the. aforesaid third 
longitudinal axis and a second plurality of juxtaposed contibaupiis heHcal lands 
on the third cylindrical member ov^ at least a portion of the: lengtJi thjereoj^ the 
15 helical lands of the second plurality having a similar pitch land forming a 
second series of heUcal particle orienting grooves , along the third cylindrical 
member,.the lands of the second plurality and the grooves of , the secpnd series 
defining the third particle orienting pat^^ 

20 The aforementioned particle .oriettthig roller provided with a 

series of helical particle orienting grooves is novel and constitutes a fiirther . 
aspect of the invention* 

The present invention therefore provides, in. a fiuiher aspect 
25 liiCTepj^ a particle orienting roller for orienting polymer particles present in a 
. polymer dispersion coated ^on a subtstcate. The particle orioitiiQig roller 
accordrag to the .mvention comprises a cylindrical member rotatable about a 
longitudinal axis thereof and a plurafily of juxtaposed cpntinuous helical lands 
on the cylindrical member over at least a portion of the length thereof. The 
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helicial lands have a sunilar pitch and foim a series of helical particle orienting 
grooves along the cylindrical member for imparting a predetermined 
orientation to the polymer particles when the cylindrical member is rotated 

while being in contact with the polymer dispersion. 

'■ ■ ■ ' •• • • ■ • . ■ . ' 

According to a preferred embodiaaent, the helical lands are 
defined by a plurality of jxixtaposed wires helically woimd about the cylindrical 
member, the helical particle orienting grooves being each defined between 
adjacent wires. 
10 ' ■ ' ' ■ ' ■ ' 

According to another preferred embodiment, fiie helical lands are 
defined by a plukUty of helical ribs integrally foimed on a peripheral surface 
of the cylindrical member, the helical particle orientmg grooves being each 
definedbetweenac^acentribs. . ' v y*«civ 

According to a fiuther preferred embodiment, the heHcal particle 
orienting grooves . are integrally defined in a peripheral surface of the 
cylindrical member. ' : ^ 

20^ ' - Ai particularly J^preferred oriented multilayer polymeric film 

formed on a substrate in acGordance ^;7ith the invention is an, orieiated three- 
layer polymeric film having a first layer comprising polymer particles oriented 
along a first direction, a second layer disposed on the first layer and comprising 
polymer particles oriented along a second direction angled at about 45'' relative 

25 to the first direction, and a third layer disposed on the second layer- knd 
comprising polymer particles oriented along a third direction parallel to the 
first direction* ' ' y ' , = 



wo 01/96661 



) 



-8- 



PCT/CA01/0Q81S 



As previously noted, the oriented na.ultilayer polymeric film 
fonned on a substrate in accordance with the present inveaotion has improved 
flexibility and improved gas barrier properties. 

5 BRffiF DESCRIPTION OF DRAWINGS 

Further features and advantages of the invention will become 
more readily apparent from the following description of prefenred 
embodiments as illustrated by way of examples in the accompanying drawings, 
in which: 

10 Figure 1 is a schematic view of an apparatus for caixying out a 

method of forming , an oriented two-layer polymeric film on a substrate, 
according to a preferred embodiment of the invention; 

Figure 2 is a partial schematic bottom plan view of the apparatus . 
shown in Fig. 1, illustrating the orientationvpf the polymer particles in the 
15 successive coatings ^lied onto tihe substrate; ; 

Figure 3 is a schematic view of an apparatus for carrying out a 
method of forming an oriented three-flayer polymer film on a substrate, 
according to another preferred embodiment of the inventioxi; 

Figure 4 is a partial schematic bottom plan view of the apparatus 
20 shown in fig. 3, illustrating the orientation of the polymer particles in the 
successive coatings applied onto tiie substrate; 

Figure 5 is a partial side view of a conventional particle orienting 
roller which is used in the apparatuses shown in Figs, 1 and 3; 

•y - Figure 6 is a partial side view of another conventional particle 
25 orienting roller which may also be used in the apparatus shown in Fig. 1 or 3; 

Figure 7 is a part-sectional side view of a particle orienting roller 
according to a preferred embodiment of the invention, which is used in the 
apparatuses shown in Figs. 1 and 3; 
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Figute 8 is a side view of a particle orientmg roUer 
another preferred embodimCTt of the invention, wMch may also be used in the 
apparatus shown in Fig. 1 or 3; 

Figure 9 is a side view of a particle orieatmg roUer according to 
5 further preferred embodmiCTit of the invention, which may also be used in the 
apparatus shown in Fig. 1 or 3; 

. Figure 10 is a schematic top plan view illustrating how 
conventional particle orienting rollers may disposed in the travelling path of 
the substrate to form thereon an oriented tinee-layer polymeric film, according 
10 ' to a prefened embodiment of the invention; and 

Figtcre 11 is a view similar to Fig,> ll, illusti^ting how the 
travelling direction of the substraite xxkay be varied relative to the rotation axis 
.of one of the conventional particle orienting rollers to form on the substrate an 
oriented three-layer polymeric film, according - to another preferred ^ 
15 embodiment of the invention; F 

MODES FOR CARRYING QUT THE INVENTION 

Referring first to Figs. ^^1 
conveyed firom a paper roll 12 through a first coating station 14, a first particle 
20 orienting station 16, a first: drying station 18, a second coating station 20, a 
second particle orienting station 22 and a second drying station 24, by guide 
rollers 26 and a take-up driving roller 28. At the coating station 14, a first 
■ coating roller 30A partially immersed in a first bath 32A of polymer dispersion 
containing polymer particles and water is used for coating the. paper web 10 
'25 ' with the polymer dispersion so as to form on the paper web 10 a first coating 
' 34A of polymer dispersion; At the particle orienting station 16, the first coating 
34A is contacted: with a first particle orienting roHer 36 which is driven for 
counterclockwise rotation about its longitudinal axis ::!independeatiy of the 
paper web 10 so as to have a tangential speed at the surface of the coated paper 
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web IQ. The particle orienting roller 36 is driven by a suitable drive mechanism 
(not shown). It has a particle orienting pattern 38 arranged at an angle relative 
to the travelling direction 40 of the paper web 10 to cause orientation of the 
polymer particles of the first coating 34A along a first predetermined direction. 
5 In &e embodiment illustrated, the polymer particles 42A of the first coating 
34A* downstream of the roller 36 are oriented in a direction parallel to the 
travelling direction 40 of the paper web 10; in other words, they are oriented at 
an angle of 0"^. The paper web 10 provided with the coating 34A' of oriented 
polymer particles 42A is &en passed through a first diyer 44A to cause 
10 evaporation of the water present in the coating 34AVand fprmatipn of a first 
layer 46A of oriented polynier particles 42A on the paper web 10. In Fig. 2, the 
broken line 48 represents the start of the first 

■ ■ . r 

At the second coating station 20, a second coating roller 30B .. 

15 partially immersed in a second bath 32B of the polymer dispersion is used for 
coating the first layer 46A with the polymer dispersion so as to form on the 
layer 46A a second coating 34B of polymer dispersion. At ftie .second particle 
orienting station 22, the second coatiQg;34Ef is contacted with a^secpnd particle 
orienting roller 50A which is driven for; counterclockwise rotation about its 

20 longitudinal axis independently of the paper web 10 so as to have a tangential 
speed at the sxirface of the coated paper web 10.; The particle orienting roller 
50A is driven by a suitable drive mechanism ^not shown). The tangential speed 
of the particle orienting roller SOA is fee same as the tangential speed of tiie 
particle orienting r6Uer^ 36.rTTie.ioUe^^ 

25 arranged at angle relative to ffie tcaveUmg dii;eetion 40 of the paper web 10 to 
cause orientation of' the of Ithe polymer particles of the second coating 34B 
along a second predeteimined direction. In the embodiment illustrated, the 
polymer particles 42B bf the second coating 34B' downstream of the roller SOA 
are oriented in a direction angled at about 45*^ relative to the travelling 
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diiedtioii"40 of the pq)er 10. The paper web 10 provided with the layer 
46A of oriiented polymer particles 42A, on which is disposed the coatmg 34B' 
of oriented polymer particte 42B' of oriented polymer particles 42B, is thra 
passed through a second dryer 44B to cause evaporation of the water present in 
5 the coatmg 34B' and formation of a second layer 46B of oriented polymer 
particles 42B on the first layer 46A of oriented polymer particles 42A. In Fig, 
2, the broken line 54 represents the start of the second drying st^^ 

Thuis, the apparatus shown in Fig. 1 enables one to form on the. 
10 paper web 10 an oriented two^layei: polymeric film having a first layer 46A 
■ ^ comprising polymer paurticles 42A oriented along a predeteimined direction 
(ie/ 0*^)/and a !5ecdnd layer 46B disposed dn the first layer 46A and cbmprising 
polymer particlb 42B oriented along a direction angled at about 45^ relative tcT 
this direction of orientation of the polymer pai^ - 

; • . . . ...... , • ,1- --^ 

^ The apparatu^'iHusM^ 
in Fig. 1, with the exception that a third coatmg station 56, a third particle 
orienting statidn 58 and a third drying station 60 have been added in order to 
form on the second la:yet 46B of oriented polymer particles 42B a third layer of 
20 oriented polytofef particles shbwn m Figs; 3 and 4, alt the coating station 56, 
- - a third coating roller 30C partially immersed in a tiiird bath 32C of th6 polymer 
Idispersibn is used for costing Ihe second layer 46B v/ith the pblyrtier dispersion 
so as to form on the layer 46B a third coatiiig 34C of polym^ dispersion. At 
the partible orieriting slat^ coatmg 34CHs conta^ a third 

25 particle orientuig roller SOB which is driven for clockwiise rotation about its 
longitudiilel £bds independently ^Of this pap^r^ web 10 s6 as to have a tangential 
speed at tHe surfece df the cbated paper WeVlO: The particle' orienting roller 
• 50B is driven by k suitable drive medhianism (ndt shown). It has a particle 
orienting pattern 52B which is the same as the particle orienting pattern 52A of 



■ ) ] . ' ■ 

wo 01/96661 PCT/CAOl/00815 

-12- 

the particle orienting roller 50A. Since the roller SOB has a negative tangential 
speed as opposed to the positive tangential speed of the roller SOA, the particle 
orienting pattern S2B of the roller SOB imparts to the polymer particles of the 
third coating 34C an orientation aloiig a direction which is the mirror image of 

5 the direction of orientation of the polym^ particles 42B of the second layer 
46B. Thus, in the embodiment illustrated, the polymer particles 42C of the 
third coating 34C downstream of the roller SOB are oriented in a direction 
angled at about 4S^ relative to the travelling direction 40 of the piper web 10, 
but at 90^ relative to the direction of orientation of the polymer particles 42B of 

10 the secpnd layer 46B. The paper web 10 provided with the layer 46A of 
oriented polymer particles 42A and the layer 46B of oriented polymer particles 
42B, on which is disposed the coating 34C of oriented polymer, particles 42C, 
is then passed through a third diyer 4^0 to cause evaporation of the water 
present in the coating 34C and formation of a third layer 46C of oriented 

15 polymer particles 42C on the second layer 46B of oriented polymer particles 
f>r 42B^ lUrFig. 4, the broken line ^2^:1^^ 

It is of course possible.to replace the particle orienting roller SOB 
by the particle ori^ting roUer 36 driven for counterclockwise rotation about its 
20 longitudinal axis; In this case, the direction of orientation of the polymer 
particles 42C of the third layer 46C would be the same as the direction of 
orientation of the polymer particles 42A of the first layer 46A. In other words, 
' > the polymer particles 42G of tibe third layer 46C would be oriented in a 
■I direction parallel to the^travelling direction 40 of the paper web 10 (Le, at 0**). 

. -i^K : The particle orienting roller 36 used in the apparatuses shown in 
Figs. Ir and^Sr is a conventional particle orienting rollw which is illustrated in 
more detail in- Fig. 5. A3 shown in Fig, 5, the roller 36 comprises a cylindrical 
member 64 and a siqigle wire 66 helically and tightiy . wound about the 
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cylindrical metnbc* 64 over a major portion of the Ipngfh thereof The single 
wiire 66 forms a continuous helical groove 68 ads^ted to impart to the polymer 
particles an onentatidn in a direction at 90° relative to the longitodinal axis of 
the cylindrical member 64. The single wire 66 dejHnes a continuous helical land 
5 or ridge on the circumference of the cylindrical member 64. Thus, the pitch of 
the particle orienting roller 3 6 is equal to a lead thereof the. lead being the ^ 
distance a helical land or ridge advances axially in one tum of the particle 
orienting roller 36. The land defined by the smgle wire 66 together with the 
. groove 68 define tiie aforesaid particle orienting pattern 38. 

10 

' instead of Using the particle orienting roller 36, it is possible to 
use the roller 36* illustrated hi Fig! 6. As shown, the particle orienting roller 36* 
; comprises a cylindrical member 70 provided with a single helical groove 72 

...... • ■ . ■ •:• ■ -rr- 

/ which is integrally defined in the peripheral surface of the cylindrical 
15 mismber 70 anct extends along a major portion of the length thereo£^e helical 
groove 72 is adapted to impart to the polymer particles an Orientation in a 
direction at 90° relative to' the longitudinal axis of Ihe cylindrical member 70. 
In tins single helical groove 72, thie lead is equal to the pitch of the particle 
orienting roUei: 36*; The grocsve 72 nM.y be formed by nMchining. As 1a result of 
20 tiiemkchixmig bf ^chr a grbovie, a single continuous helical land 73 is formed. 

Each of the particle orienting rollers 50A and 50B is a particle 
orienting roller 50 according to a preferred embodiment of the invention, which 
is illustmted in Fig^ 7. As shown, the roller 50 comprises a cyliudrical 
25 ' member 74 and a plundity 6f juxtaposed continuous helical lands defined by a 
plubdity of juxtaposed wires 76 ^ helically wound about the cylindrical 
member 74 over a major portion of the length thereof. The wires 76 are wound 
so as to have the same pitch! A helical particle orienting groove 78 is defined 
between each pair of adjac^t wires 76. The lands defined by tiie wires 76 
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togeliLer with the grooves 78. define the aforesaid particle orieating pattern 
52A,52B. As opposed to the particle orienting rollers 36 and 36* shown in Figs. 
5 and 6, respectively, the lead I of tihie particle orienting rollo: 50 is not equal to 
the pitch thereof, but rather to "n" times the pitch thereof, "n" being the number 
5 of wires 76 helically wound about the cylindrical member 74. This enables the 
particle orienting grooves 78 to orient the polymer particles along a direction 
which is angled at about 5° to about 85° relative to the travelling direction 40 
of the papa: web 10, depending for instance on the pitch and the tangential 
speed of the roller 50. 

The pitch of the particle ; orienting roller 50 has a direct influence 
on the angle of the particle orimting pattern thereof Therefore, by changing 
the pitch of tiie roller 50, it becomes .possible to clmge the direction of 
orientation of the polymer particles. Alternatively, this can be done by 
15 . changing the relative orientation of the roller 50 with respect to the travelling 
direction 40 of the web 10. Further directional p^Langes; can be imparted to the 
, polymer particles , by varying flie taiigential speed of flie particle orienting 
roller 50. The tangential speed can be varied by changing the angulw speed of 
the roller or its diam^r. The tangential speed cm also be varied by changing 
20 the direction of rotation of the rojler 50. As previously noted, a change in the 
direction of rotation of the roller 50 from a counterclockwise to a clockwise 
^ rotation may be seen as a change from a positive to a negative tangential speed. 

Instead of using, the particle orienting rpUer 50,. it is al^o possible 
25 to use the rollers 50' md 50", illiistpated in Figs. 8 md 9, respectively. As 
shown in Fig. 8, the particle orienting roller 50V comprises a cylindrical 
member 80 and a plurality of juxtaposed contiouQus helical lands defined by a 
plurality of helical ribs 82 integrally formed on the peripheral^ suifece of the 
_ cylindrical member^ 80 over a major pprtion of . the length thereof A helical 
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particle orienting groove 84 is defined between each pair of adjacent ribs 82, 
The helical grooves 84 are adapted to orient the polymer particles along a 
direction which is angled at about to about 85^ relative to tiie travelling 
direction 40 of the paper web 10, depending for instance on the pitch and the 

5 tangential speed of the roller 50\ The particle orienting roller SO" illustrated in 
Fig- 9 comprises a cylindrical member 86 provided with a plurality of helical 
particle orienting grooves 88 which are integrally dejSned in the peripheral 
surface of the cylindrical member 86 and extend along a major portion of the 
length thereof The helical grooves 88 are also adapted to orient the polymer 

10 particles along a direction which is angled at about 5^ to about 85^ relative to 
the travelling difection 40 of the p^er web 10, depending for instance on the 
pitch and the tangential speed of the roller 50'Mlie grooves 88 may be formed 
by machining. As a result of the miachining of such grooves, a plurality of 
juxtaposed continuous helical lands 89 :are formed^ M the embodiments 

15 illustrated in Figs, 8 and 9, the particle orienting grooves 84 and 88 are similar 
to the particle orienting grooves 78 of the roller 50 shown in Fig, 7. The lead €' 
of the roller 50' and the leadt" of the roUer 50" are also the same as the lead t 

■V of the roller, 50. * V -^^^ -.rntrr - - .-.^^ • • v- • 

20 . ^ M the embodiments illustrated in FigS; 1-4, the rotation axes of 

the rollers 36, 50A and SOB are all at right angle relative to the travelling 
direction 40 of the paper web 10. It ^is possible, to achieve the same results, 
without using the particle orienting rollers 50A and 50B, by replacing these 
rollers with the particle orienting rolleis 36 and inclining one of the rollers 36 

25 relative to the! travelling direction 40 of the paper web 10. This is schematically 
illustrated in Fig. 10. As shown, three particle orienting rollers 36A, 36B and 
: 36C ke usedy tiie rollers 36A aixd 36C bejng disposed so tfa^t their rotation axis 
extends at right angle relative to the travelling direction 40 of the p^er web 
10. The roller 36B, however, is disposed so that its rotation axis extends at a tilt 
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angle of about 45° relative to the travelling direction 40 of the paper web 10. 
As a result of such an inclination^ the particle orienting groove 68 (shown in 
Fig. S) of the roller 36B iniparts to the polymer particles an orientation which 
is angled at about 45° relative to the travelling directiont40 of the paper web 

5 10, Thus, the oriented three^layer film formed as a result of the disposition of 
the roUere 36A, 36B and 36C comprises a first layer of polymer particles 
oriented along a direction parallel to. the travelling direction 40 of the paper 
web, a second layer of polymer particles oriented along a direction angled at 
about 45° relative to the direction 40, and a third layer of polymer particles 

10 oriented. along a direction parallel to the direction 40. Although the particle 
orienting iroller 3<SB is shown in Fig- 10 ^ being inclined alJ about 45° relative 
to the travelling direction 4Q.ofthe:pape^ 

roller 36B so that its rotation axis extends at a^t angle rangmg from about 5° 
; to-about '85° rda^ fi^^^di^cikm^ . .^ja; , • -...j.,^.:.^- , vVtiw p 

The same residt as that obtdned wit^ 
Fig. 10 can also be achieved by disposing the particle orienting rqUex 36B so 
that its rotation axis is parallel to the rotation axis of the particle orienting roll» 
36A and by varying the travelling direction of the paper web 10, prior to the 

20 second coating of polymer dispersion being^contactediby the roller 36B, so that 
it is an^ed at the aforesaid tilt angle relative to the rotation axis of the 
roller 36B. This is schematically illustrated'^ in Fig. 11. As shown, by using 
appropriate guide rollers 90, one may^ vary the travelling direction of the paper 
web 10 downstream of the roller 3 6B so that the travelling direction 40- is 

25 angled at about 45° relative to the rotation ads of the roller 36B. 

The' foUowing ^non-limiting example fiirfher illustrates tiie - 

invention. 
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An oriented three-layer polymeric film A was formed on a 
paperboard, by the method described above. The film A comprised a first layer 

5 of polymer particles oriented along a direction parallel to the travelling 
direction of the paperboard (Le, 0% a second layer of polymer particles 
oriented along a direction angled at 45^ relative to the travelHng direction of 
the paperboard (i.e. 45^)^ ^ l^Y^ polymer particles oriented along a 
direction parallel to the travelling direction of the paperboard (i.e, O**). The 

10 moisture vapor transmission rate (MVTR) of such a film was measured at 
ST.S^'e and 100% relative humidity and compared with flie MVTR of an 
' oriented three-layer polymeric, film B formed on the same type of paperboard 
by replacing the particle orienting rollers 50A and 50B in the apparatus of Fig,^ 
3 with the particle orienting rollers 36 shown in Fig. 5. The film B com^sed 

15 three layers of polymers particles all oriented along a direction parallel to the 
travelling direction of the paperboard (ie. 0^ 0% 0**), The results are as 
follows: ' 



FflmA 


FilmB 
(0%0«,0«) 


Film Weight 


MVTR 
(g/in^/day) 


Film Weight 
(g^) 


MVTR 
(g/m^/day) 


.17 .' 






4 



20 As it is appar^t^ the film A has better moisture vapor barrier 

properties than the film B, 
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CLAMS: 

1. A method of forming an oriented multilayer polymeric film qq a 

substrate, comprising the steps of: 

a) conveying a substrate along a predetermined path at a 
predetermined travelling speed and in a predetermined travelling direction; 

b) coating the substrate with a polymer dispersion containing 
polymer particles and a liquid dispersing medixmi to form on said substrate a 
first coating of said dispersion; 

c) contacting said first coating with a first particle orienting roller 
driven for rotation about a first longitudinal axis thereof independently of said 
substrate so as to have a first tangential speed at a surface of the coated 
substrate, said first particle orienting roller having a first particle orienting 
pattern arranged at a first an^e relative to flie travelling direction of said 
substrate to cause orientation of the polymer particles of said first coating along 
a first predetermined direction; 

d) drying said first coating to cause evaporation of said liquid 
dispersing medium and formation of a first layer of oriented polymer particles 
on said substrate; and 

e) successively forming on said first layer at least one further layer 
of oriented polymer particles, each further layer being formed by: 

i) coating a previously formed underlying layer of oriented 
polymer particles with said polymer dispersion to form on said underlying 
layer a further coating of said dispersion; 

ii) contacting said further coating with a further particle orienting 
roller driven for rotation about a further longitudinal axis thereof independently 
of said substrate so as to have a further tangential speed at the surface of the 
cdated siibstriate; said further particle orienting roller having a further particle 
orienting pattem arranged at a further angle relative to the travelling direction 
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of said substrate to cause orientation of the polymer particles of said further 
coating along a further predetermined direction; and 

iii) drying said further coating to cause evaporation of said liquid 
dispersing medium and formation of said further layer of oriented polymer 
particles on said imderlying layer; 

wherein at least one said further angle is different from said first ang^e or at 
least one said further tangential speed is different from said first tangential 
speed, Ihereby forming on said substrate an oriented multilayer polymeric Sim 
having at least two layers of polymer particles oriented along two different 
directions with redpect to one another. 

2. A method accordmg to claim 1, wherein the longitudinal axis of 
said fiust particle orienting roller>xtends at ri^^ 

direction of said substrate, and wherein said first predeteilmned direction is 
paraUel to the travelling direction of said substrate. 

3. A method a£TCording to claim Wherein said first particle 
orienting roller comprises a first cylindrical member rotatable about said first 
longitudinal axis and a first continuous helical land on said first cylindrical 
member over at - least a J)6rti6n of the length thereof, said first helical land 
formiug a first continuous helical particle orienting groove along said first 
cylindrical member, and wherein said first land and said first groove define 
said first particle orienting pattern. 

4; A method according to claki 3,; wherein said first helical land is 

defined'by a siiigle wire lielically and tigjitly wound about said portion of said 
first cylindrical member. 
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5. ; A method according to claiDQi 3, wherein said first helical particle 
orienting groove is integrally defined in a peripheral sur&ce of said first 
cylindrical member. 

6. A method according to claim 3, wherein only one fuxlher layer of 
oriented polymer particles is formed in step (e), said first layer of oriented 
polymer particles defining said previously formed underlying layer of oriented 
polymer particles. 

7. A method according to claim 6, wherein the longitudinal axis of 
said fiirther particle orienting roller extends at right angle relative to the 
travelling direction of said substrate, and wherein said fiirther predetermined 
direction is augled at about 5^ to about j85^ relative to the traveinng: of 
saidsubstrate. - 

8. A method according to claim 7, wherein said finlher 
predetermined directioucis angled at about 45? relative to the travelling 
direction of saidsubstrate. / . , 

9. A method according to clain^ 6,twherein said fiirther particle 
orienting roller comprises ajfiirther cylindrical member rotatable qbout said 
fiirther longitudinal axis and a plurality of juxtaposed continuous fiirther helical 
lands on said fiirther cylindrical member: pver at least a portion of . the length 
thereof; said fiirther helical lands having a similar pitch and £>miing a series of 

. fiirther helical particle^^onenting .groove along said fiirther cylindrical mraiber, 
and whereia said finiho: l9&ds and said fiirther. grooves define said fiirther 
particle orienting pattern. ^ . 
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10. A method according to claiin 9, wherein said further helical lands 
are defined by a plurality of juxtaposed wires helically wound about said 
portion of said further cylindrical mCTiber, said further helical particle 
orienting grooves being each defined between adjacent wires. 

11. A method according to claim 9, wherein said further helical lands 
are defined by a plurality of helical ribs integrally formed on a peripheral 
sur&ce of said fiirther cylindrical member^ said further helical particle 
orienting grooves being each defined between adjacent ribs. 

1*2. A method according to claim 9, wherein said fiuiher helical 

paiiicle orienting grooves are initegrally defined in a prapheral su^^ of said 
. ■ fiirther cylind^ yy?::. 

13. A method according to claim 6, wherein the longitudinal axis of 
said fiirther particle orieitiidg toUct and ^ t^^ of said 
substrate iare inclined at a tilt ang^^^ of about 5*" to at)out 85^ relative to one 
another, and wherein said further predetemubec^ direction is -a^^^^ ang^e 
relative to tibie longitudinal axis of said further particle orienting roller and is 
angled at an angle equal to said tilt angle relative to the travelling direction of 
said substrate. \ • 

14. A method according to claim 13, wherein said tilt angle is about 

15. ' A method abco^^ 

said ferther particle oriehting roller is inclinbd at said tilt angle relative to the 
travelling direction of said substrate. 
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16, A method according to claim 13, wherein the longitudinal axis of 

said further particle orienting roller is parallel to the longitudinal axis of said 
first particle orienting roller, and wherein the travelhng direction of said 
substrate is varied prior to said further Qoatmg being oontacted by said furlher 
particle orienting roller so as to be angled at said tilt angle relatiye to the 
longitudinal axis of said further particle orienting roller. ' 

17- A method according to claim 13, wherein said further particle 

orienting roller comprises a further cyliudrical member rotatable about said 
further longitudinal axis and a further continuous helical land on said further 
cylindrical member oyer at least a portion of the length thereof sajid further 
heUcal land forming a fprther contumpus helical particle orienting groove 
along said further cylindrical member, and wherein said fi^ 
further groove define said further particle orienting pattern: , 

18. A method according to claim 1 7, wherein said fiirther helical land 
is defined by a single wire helically and tightly wound about said portion of 
said fiarther cylindrical member. 

19. A method according to chdnpi 17? wjierdn said, fiirther helical 
particle orienting groove is integrally defined in a peripheral sur&ce of said 
flurther cylindrical member. 

■■ , ■ . . • . - . ■ . . . ^ 

20. A method according to claim 3, wheirein two. further, layers of 

oriented polymer particles are formed in step (e) by: 

i) coating said, first l^yer of oriented polymer particles with said polymer 
(hspersipo to fprm on sai(l, first l^yer a sqppiid coating pf said dispeision; 

ii) contacting said second qoa^g with a second particlq orienting roller ; 
driven for rotation about a second longitudinal axis thereof independentiy of 
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said substrate so as to liave a second tangential speed at the sux&ce of the 
coated substrata, said second particle orienting roller having a second particle 
orienting patt^ arranged at a second angle relative to the travelling direction 
of said substrate to cause orientation of the polymer particles of said second 
coating along a second predetermined direction; 

ill) drying said second coating to cause evaporation of said liquid 
dispersing medium and formation of a second layer of oriented polymer 
particles on said first layei^ 

iv) coating said second layer of oriented polymer particles with said 
polymer dispersion to form on said second layer a third coating of said 
■ dispersion; ■ " ' 

^ v) contacting said third coating Vith a third particle oridbiting roller 
driven for rdtatioii aboUta t^ axis therebfindqpend^tly of said 

substrate so as to have a third te^ ooated 
substrate, said third particle orienting roller having a third particle ^orienting 
pattern arranged at a third angle relative to the travelling direction of said 
Substrate to cause orieiitatibn of the polymer particles of said third coating 
along a third predetenMned direction; and 

vi) drying said third coating to cause evaporation of said liquid 
^dispersing me(£uni and fonMtidn of a tibird layer of oriented polymer particles 
on said secondlayer; ^ ' ; 

wherein said second anglis is different from said first angle or said second 
tangential speed is different from said &st tangential speed, whereby said 
second predetermined direction is different from said fibrst predetermined 
direction, and wherein ?sMd third angle is different froin said second angle or 
giaid tlnrd tangential sp^ed is different from said second tangential speed, 
wheireby said third predetermined/%ection 4s different from said second 
:predetermiiteddirectioa/^ ' . ^ 
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21. A method according to claim 20, wherein the longitudinal axis of 
said second particle orienting roller extends at right angle relative to the 
travelling direction of said substrate, and wherein said second predetermined 
direction is an^ed at about 5® to abont 85** relative to flie travelling direction of 
said substrate. 

22. A method according to claim 21, wherein said second 
predetermined direction is angled at about 45° relative to the travelling 
direction of said substrate. , 

23. A method according to claim 21, wherein the longitudin 

said third particle orienting roller ext^d^ at right angle , relative to the 
travelling direction of said isubstrate, md^ whsxem 

direction is angled at about 5** to about 85*? relatiye to the travelling direction of 
said substrate. . ' ^ ^ ^ ^ 

24. A method according to claim iZO, wherein said second particle 
orienting roller comprises a second oylindrioal member rotatable about said 
second longitudinal axis and a first plurality ojT juxtaposed continuous helical 
lands on said second cylindrical membeS jO^^et^ at leiast . a portion of the length \ 
thereof, the helical lands of said first plurality having a similar pitch and 
forming a first series of ielical particle wienting grooves along said second 
cylindrical member, the lands;of said first pluirality and the grooves of said first 
series defining said second particle orienting pattern, and wherein said third 
particle orienting roller coniprises a-third cylindrical member rotatable about 
said third longitudinal axis and a second plurality of juxt^osed continuous 
helical lands on said third cylindrical member over at least a portion of flie 
length thereof, the helical lands of said second plurality having a sixmlar pitch 
and forming a second series of helical particle orienting grooves along said 
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third cylindrical meniber, the lands of said second plurality and Hie grooves of 
said second series de£aiing said third particle orira^ 

25. A method according to claim 24, wherein the heUcd lanc^ 

first plurality are defined by a plurality of juxtaposed wires helically wound 
about, said portion of said second cylindrical member, the helical particle 
orienting grooves of said first series being each defined between adjacent 
■wires.- " 

26. A method according to claim 24, wherein the heUcal lands of said 
first plurality are defined by a plurality of helical ribs integrally formed on a \ 
peripheral sur&ce of said second cylindrical memb^, the heUcal particle 
orientiag grcioves of said fiiistt series being each defined betweeS adjacent ribs.' 

27. A method according to claim 24, wherein the helical particle 
orienting grooves of said -first series are integrally defined in a peripheral 
surface of said secoMoylnSdifical 

28. A me&od according to claim 24, wherein the h^ 

second pltirality are defiiiSdd'by a pllirality of juxtaposed Wires helically wound 
about said portion 6f said third cylindrical menibery the. helical particle 
orienting grooves of said second series being each defined between adjacent 
wires. ^- • . . . " ^ ^ * • • ■ - . 

29. A method according to claim 24, wherein the helical lands of said 
' second plurality'are defmed by a plurality, of helical ribs integrally formed on a 

peripheral surface of said third cylindrical membfer, the helical particle 
orientiiig grooves bf said second series being each defimed betwem adjacent 
■ ribs. /-'v- ■ r - ^..''r ■ 
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30. A method according to claim 24, wherein the helical particle 
orienting grooves of said second series are integrally defined in a peripheral 
surface of said third cylindrical member. 

31. A method according to claim 24, wherein said third particle 
orienting pattem is the same as said second particle orienting pattern, and 
wherein said Ihicd tangential speed is diff^nt from said second tangential 
speed. 

32. A method according to claim ,21, wherein the longitudmal axis of 
said third particle orienting roller extends at right an^e relative to the 
travelling direction of said substrate^ and wherein said third predpt^mined 
direction is the same as said first predetermined direction.; ; - 

,33, A method according to claim 20, wherein said second particle 

orienting roller comprises a second cylindtrical member rotatable about said 
second longitadinal axis and a plurality of juxtaposed continuous furth^ 
helical lands on said second cylmdric^ m^b^ over at least a portion of the 
length thereof, said fiirther heUcal lands haying a smodlar pitch and forming a 
series of fiirther helical particle orienting grooves along said second cylindrical 
; member, said fiirther lands and s^d fiirther grooves defining said second 
particle orienting pattem, and wherein said third particle orienting roller 
comprises a third cylindrical member rotatable about said , third longitudinal 
axis and another continupus;helical land on:said third cylindrical member ov^ 
at least a portion of the length theieo:^ said other helical land fonmng another 
continuous helical particle orienting groove along said third cylindrical 
member^ and wherein said other land and said otiier groove define said third 
particle orienting pattem. 
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34. A method according to claim 33, wherein said finrther helical 
land3 aie defined by a {>lurality of juxtaposed wires helically woimd about said 
portidn of said second cylindrical member, said further helical particle 
orienting grooves being each defined between adjacent wires. 

35. A method, according to claim 33, wherein said furflier helical 
lands are defined by a pluraKty of heUcal ribs integrally foraied on a peripheral 
surface of said second cfylindrical member, said further helical particle 
orienting grooves being each defined between adjacent ribs. 

36. A method according to claim 33, wherein' said ^i^^ helical 
particle orienting grooves are integrally definisid in a peripheral surfaice of said 
second cylindrical member. ' ^ • • • ^. ' 

37. A method according to claim 33, wherein said other helical land 
is defined by a single wire helically and tightly wound about said portion of 

^ sdd third cyiiiidricatniemberji ^ ' ' y^.n^yi^^^. ^-^^-^, 

38. A method ajccording to claim 33, whei^m helical 
particle drienting groove is integMly defined in a peripheral surface of said 
third cyliiidricalmeinben-i^-;^^^ . .vf •. ;^^>;*"" ^'c-^-f '^f4 

39. A method accojrdihg to claim 33, wherein said third particle 
orienlicig pattern is the same as said first particle orienting pattern, and wherein 
said third tangential speed is the same as said first t^ 

40. A method according to claina 20, wherein the longitudinal axis of 
said second particle orienting roller and the . travelling direction of said 



wo 01/96661 



) 

-28- 



PCT/CAOl/00815 



substrate are inclined at a tilt angle of about 5"* to about 85"^ relative to one 
another, and wherein said second predetemiined direction is at right angle 
relative to &e longitudinal axis of said second particle orienting roller and is 
angled at an angle equal to said tilt angle relative to the travelling direction of 
said substrate. 

41. A method according to claim 40, wherein said tilt angle is about 
45^ 

42. A method according to claim 40, wherein the longitudinal axis of 
said second particle orienting roller is inclined at said tilt angle relative to the 
travelling direction of said substrate. ^ ^ . \ r ^m t 

43. A method according to claim 40, wherein the longitudinal axis of 
said second particle orienting roller is parallel to the longitudinal axis of said 
first particle orienting roller, and wherein, the travelling direction of said 
substrate is varied prior to said second coating being contacted by said second 
particle orienting roller so as to be angled at said tilt angle relative to the 
longitudinal axis of said second particle orienting roller. 

44. A method according to claim 40,' wherein the longitudinal axis of 
said third particle orienting roller extends^^at right angle relative to the 
travelling direction of said substrate, and wherein said third predetermined 
direction is the same as said first pr^etennined direction. 

45. A\ method accordiag^to claim 40, wherein said second particle 
orientmg roller comprises a second cylindrical member rotatable about said 
second longitudinal axis and a second continuous helical land on said second 
cylindrical member over at least a portion of the length thereof said second 
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helical land forming a second continuous helical particle orienting groove 
along said second cylindrical member, said second land and said second groove 
defining said second particle orienting pattern, and wherein said third particle 
orienting roller comprises a third cylindrical member rotatable about said third 
longitudinal axis and a third continuous helical land on said third cylindrical 
member over at least a portion of the length thereof, said third helical land 
forming a third continuous hehcal particle orienting groove along said third 
cylindrical member, said third land and said third groove defining said third 
particle orienting pattern. 

46. ^ A method according to claim 45, wherein said second helical 
land is defined by a single wire heUcally land tightly wound about said portion 
of said second cylindrical member. 

47. A methdd according to claim 45, wherein said second 
particle orienting groove is integrally defined in a peripheral surface of said 
second cylindrical inCTiber/ - 

48. A method according to claim 45, wherein said third helical land 
is defined by a sni^e wu:b h^^ iand tightiy wound about said portion of 
said third cylindrical membfer. 

49/ ' A method -according to cl^^ said third helical 

particle orienting groove is integrally defined in a peripheral surface of said 
third cylindrical member, 

50. ' A method according to claim 45^ wherein said second hand third 
particle orienting patterns are the same as said first particle orienting pattem, 
said first and second tangential speed are the same as said first tangential 
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Speed, and wherein said second angle is different from said first angle and said 
third angle is the same as said first angle* 

51. A method according to claim 1, lyherein said suhistrate is in the 
form of a continuous web. 

52. A method according to claim 1, wherein said polymer particles 
are particles of a waterbome polymer. 

53. A method accprding to claim 52, wherein said waterbome 
polymer is selected from the groiQ) consisting Qf polyyinylidene chloride, 
polyvinyl acetate, polyvinyl alcohol and st^^ 

54. A method according to claim 52, wherein said liquid Aspersing . 
medium comprises water, an alcohol or amixture thereof. 

55. A particle orienting roller for orienting polymer particles present 
in a polymer dispersion coated on a substrate, comprising a cylindrical member 
rotatable about a longitudinal ads. hereof and a pliiraHly ^ of jucK^^ 
continuous helical lands on said cylin(]|i94; iP^^?r p at lejeist a portion of 
the length theteoJ^ said helical lands having a sinodlar pitch and formmg a scdes 
of helical particle orienting grooves along said cylindrical member for 
imparting a predetemiined prientatipn .t^ the polymer particles when said 
cylindbcical member, js ip]tated .whi^^ with the polymer 
dispersion. , ; ,^ , 

56. A paiticle o^pnting rpller according to claim 55, wherein said 
helical lands are defined by a plurality , of juxtaposed wires helically wound 
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about s^d portion of said cylindrical member, said belical particle orienting 
grooves being each de&ied between adjacmt wires. 

57/ A particle orienting roller according to claim 55, wherein said 

helical lands are defined by a plurality of helical ribs integrally formed on a 
peripheral surface of said cylindrical member, said helical particle orienting 
grooves being each defined between adjacent ribs. 

58. A particle orienting roller according to claim 55, wherein said 
helical particle orienting grooves are integrally defined in a peripheral smcface 
of said cylindrical member. 

59. A particle orienting roller according to claim 55, wherein the 
piitch 6f said helical lands is uniform along said portion of said cylindrical 
member. 

60. A substrate coated wifli an' oriented multilayer polymeric film, 

whereih said film comprises at least two layers of polymer pfarticles oriented 

• ... . • ' . 

along two different directions with respect to one emoth^^ 

61. A coated substrate according to claim 60, wherein said film has.a 
first layer comprising polymer particles oriented along a first direction, a 
second layer disposed on said first layer and comprising polymer particles 
oriented along a second direction angled at about 45° relative to said first 
direction, and a third layer disposed on said second layer and comprising 
polymer particles oriented along a third direction parallel to said first direction. 

62. ' A coated substrate according to claim 60, wherein said polymer 
particles are particles of a waterbome polymer. 



wo 01/96661 PCT/CAOl/00815 

-32- 



63. A coated substrate according to claim 62^ wherein said 

waterbome polymer is selected from the groitp consistmg of polyvinylidene 
chloride, polyvinyl, acetate, polyvinyl alcohol and styrene-butadiene 
copolymers. 



INTERNATIONAL SEARCH REPORT 



Int nalApptteadonNo 

P A 01/00815 



A. CUSSIFICATION OF SUBJECT MATTER 

IPC 7 D21H23/72 D21H19/82 



B05D1/40 



D21H25/12 B05C11/02 



According to Intemalional Patent ClassiflcaUon (IPC) or to both national dassiflcalion and IPC 



a FIELDS SEARCHED 



l^lnlmum documentation searched (classfficaUon system followed by classification symbols) 

IPC 7 D21H B05D B05C 



Documentation searched other than minimum documentation to the extern thai such In the fields searched 



Electronic daia base consulted during the IntemaUonal search (name of data base and, where prBctical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE REl£VANT 



Categoty* CKatkmof document, with hdicaUon, where apfMoprfate. of the relevant passages 



Relevant to claim 1^ 



DE 37 10 059 A (VOITH GMBH 0 M) 
13 October 1988 (1988-10-13) 
the whole document 

US 3 690 910 A (MAHE YVES ET AL) 
12 September 1972 (1972rD9-12) 

WO 98 20202 A (KUNI STEFAN ;VALMET CORP 
(FD) 14 May 1998 (1998-05-14) 

US 4 267 215 A (RI66S AUBREY F) 
12 Hay 1981 (1981-05-12) 



55 



□ 



Further documents are listed In the continuation of box a 



I Patent family membem are iisled In annex. 



* Special categories of cited documents : 

'A' document deflning the general state of the art which Is not 

considered to be of particular relevance 
•E' earlier document but published on or alter the International 

flnngdale 

•f documeni which may throw doubts on prtorily clalm(s) or 
which Is cited to establish the pubOcation dale of another 
citation or other special reason (as specified) 

'O* document refening to an oral disclosure, use. exhibition or 
other means 

'P* document published prior to the Intemalional filing date but 
later than the priority date claimed 



*T later documeni pubBahaddler the intemalional filing date 
or prforfly date and not bi conflld with the application but 
dted to understand the principle or theory underiylng the 
Invention 

'X* docun»nt of pajtlcuter relevance; the.dalmed Invention 
cannot be considered novel or cannot be considered to 
invoh^e an invent^e step when the document Is taken alone 

*Y' document of. particular relevance; the claimed invention 
cannot be considered to Involve an Inventive step when the 
document Is combined with one or moie other such docu- 
ments, such coniblnaBon being obvious to a person eldiled 
hihean 

*&* documeni member of the same patent family 



Date of the actual completion of the International search 



25 October 2001 



Date of mailing of the international search report 



06/11/2001 



Name and malting address of the ISA 



European Patent CDffice, P.B. 5818Patentlaan 2 
NL-2280HVRIIswijK 

Tel. {¥^^^70) 340*2040. TX 31 651 epo n|» ' 
Fax (+31-70)340-3019 



AuttM)rtzed ofOoer 



Songy, 0 



Forni PCTASAaiO (sacand sheol) (JtiV 1898) 



INTERNATIONA. SEARCH REPORT 

Mrmatlon on patent family mambers 


Int lalApplleaUonNo 
K.. .A 01/00815 


Patent document 
died In search report 


Publication 
date 


Patent family 
memt>er(s) 


Publication 
date 



DE 3710059 A 13-10-1988 DE 3710059 Al 13-10-1988 



US 3690910 A 12-09-1972 DE 1629324 Al 11-02-1971 

FR 1442427 A 25-08^1966 
GB 1144607 A 05-03-1969 



WO 9820202 


A 


14-05- 


-1998 


FX 


964430 A 


05-05-1998 










AU 


4869897 A 


29-05-1998 










BR 


9712855 A 


07-12-1999 










EP 


0935696 Al 


18-08-1999 










Ud 


9820202 Al 


14-05-1998 










JP 


2001503482 T 


13-03-2001 










US 


6217940 Bl 


17-04-2001 


US 4267215 


A 


12-05- 


-1981 


AR 


220912 Al 


. 15-12-1980 










AU 


3694878 A 


13-12-1979 










BR 


7803890 A 


09-01-1979 










CA 


1116480 Al 


19-01-1982 










DE 


2861151 Dl 


24-12-1981 










DK 


269878 A 


24-12-1978 










EP 


0000241 Al 


10-01-1979 










ES 


471083 Al 


16-12-1979 










FI 


782003 A 


24-12-1978 












1402916 C 


28-09-1987 










OP. . 


54041945 A 


03-04-1979 










OP 


62009381 B 


27-02-1987 










PT 


68198 A 


01-07-1978 










ZA 


, 7803213 A 


27-06-1979 



Foon PCT/ISA/ZIO ftwtent femlV ameai) (JuV IMB) 



